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SUMMARY in a comprehensive study, we examined the express,on of ttte "^ a "*f "J 
Lretory mucins MUC1 and MUC3, respectively, in norma! and neop.ast.c gastrin ites una! 
^nd breast epithelia before and after specific actions of the.r g.ycan . by 

neuraminidase, a-fucosidasa or carbohydrate-spedf* penodate ox.dat.on. MUC1 mRNA 
was Z domiHed in norma, colorectal tissues by in situ hybridation. The 
Tat normal colorectal epithelia express both MUC1 mRNA and prote.n. which were detect- 
able STSoS. oxidation with*, tested MUC1 -specific antibodies. During tumor.gen- 
esi sin the colon. MUC1 became recognizable wKh^periodate treatment 
with highly dysplastic lesions and the malignant scatty* the breast m which MUC1 * cte- 
Tectable Jth most antibodies in norma, epithelium as**., as in 

be enhanced by pretxeatment with perlodate and casually by enzyme treatments. MUC3 
was detectable in norma, and neoplastic colorectal tissues and was more >^ *»£ 
after periodate oxidation. It was absent in normal breast even after P«^ent tatwas 
expressed in seven of 20 breast carcinomas. Therefore, incomplete glycosylation. abnormal 
distribution, and ectopic expression of mucins are characteristics of ^W™' **"***]* 
oxidation may be widely applicable to immunoh«tochem. S try for exam.n.ng changes in 
ghycosyation and for detecting antigens masked by QfiJJ^ CyB-I-| ^ !lS4I _ lsn . 1997) 
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Mucins arc a family of highly glycosylated. Wgh mo- 
lecular weight glycoproteins present on the sutfape of 
many glandular epithelial cells and in their secretions . 
(Devlne and McKenzie 1992: Strous and Dekker 1992: 
Jass and Roberton 1994). They consist of a nonglobu- 
lar. threadlike protein backbone (apomucin) and many 
predominantly O-linked gjycans. The best-known func- 
tion of mucins is to provide a barrier between the lu- 
minal membranes of epithelial cells and their environ- 
ment. In die digestive tract, this barrier is most 
important because it protects the epithelial cells from 
the action of degradative enzymes, particularly pro- 
teases. Mucins can be subdivided into two types. 
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secretory and membrane-bound mucins. Secretory 
-mucins provide to a large part the viscous gel that cov- 
t <crs most mucosal surfaces of respiratory, gastrointesti- 
nal, and reproductive tracts. Membrane-bound mu- 
cins are major components of the apical surface of 
epithelial cells, which contain a hydrophobic stretch 
of amino add residues anchoring the long filamentous 
molecules in the plasma membrane. Several distinct 
cDNAs of mucin core proteins have been isolated that 
are encoded by the mucl-8 genes. MUC1 (previously 
labeled PUM. PEM, MAM-6. PASO. EMA. NPG, 
HMFGP). the mucl gene product, is a membrane- 
bound mucin (Patton et al. 1995). Its protein back- 
bone consists of 20 amino acid residues repeated 
manyfoid in tandem, a transmembrane sequence, and 
^ 69 amino acid-long cytoplasmic tail. The tandem re- 
; peats are rich in serine and threonine as potential 
O-glycosylation sites. MUCl has been described to be 
expressed in normal breast, pancreas, and other glan- 
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dular epithelial tissues (Zotter et al. 1988; Girling ; et 
al. 1989; Ho et al. 1993; Patron et al. 1995). MUG3 \s 
a secretory mucin; its cenrral region is composed of an 
extended region of tandem repeat sequences of 17 
amino acids each. It is present in normal gastrointesti- 
nal secretions and epithclia and in some tumors (Gum 
et al. 1990). Overexpression of mucins and mucln- 
assoclated glycotopes on the surface of tumor cells 
provides valuable tumor markers for clinical diagnosis 
and targets for immunotherapy (Apostolopoulos and 
McKenzie 1994; Taylor-Papadimitriou, and Epenctos 
1994; Graham et al. 1996). In addition, the increased 
expression of MUC 1 contributes to the malignant phe- 
notype (Milkens et al. 1995). However, several impor- 
tant questions remain to be answered, (a) Do normal 
intestinal epithelial cells express MUC I? This is ; a 
question at issue. Most reports have suggested that 
normal intestinal epithelial cells do not or only 
sparsely react with monoclonal antibodies (MAbs) to 
MUC1 (Zotter et al. 1988; Girling et al. 1989; Ho et 
al. 1993.1996; Jass and Roberton 1994). although a 
few authors have claimed that normal adult intestine 
could be stained by their MUC1 MAbs (Carrato et al. 
1994; Hllkens et al. 1995). Recent studies have re- 
ported that these cells transcribe the mucl gene into 
mRNA (Ogata et al. 1992; Ho ct al. 1993; Nakamori 
et al. 1994). (b) Why is the MUC1 apomucin detect- 
able in colorectal carcinomas, but apparently absent 
in normal intestinal mucosae? (c) Do the glycan^sirJe 
chains interfere with the binding of apomucin-speafic 
MAbs to intestinal MUCl? In contrast to the breast/ 
milk mucin, the glycans of intestinal MUC I are only 
incompletely known (Podolsky 1985). 

In this study, serial sections from various gas- 
trointestinal (normal stomach, ileum, and colon; colo- 
rectal adenomas and carcinomas) and mammary tis- 
sues (normal breast and mammary carcinomas) were 
used to examine the presence of MUCl mRNA 1n the 
different cell types of normal gastrointestlne by in situ 
hybridization and the expression of MUCl and MUC3 
proteins, the latter as an example of a secretory mucin, 
by Immunohistology with MAbs to peptide epitopes 
before and after glycan-intruding measures suc^ as 
mild periodic add oxidation, a-fucoeddase. or neuramini- 
dase incubation. The results show that MUCl is in- 
deed expressed In normal colorectal mucosa but is in- 
accessible to antl-MUCl riptide-recognizing MAbs. 
Epitope masking by glycans can be overcome by pre- 
trcatment of the tissue sections with periodate. 

Materials and Methods 

Normal Adult Human Tissues and Tumor Specimens , 
Two stomach (including corpus and pyloric antrum) ;,cme Il- 
eum, and four colon specimens were obtained at autpgsy 
from Individuals without colon disease. One Ileum arjA 15 
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colon tissue samples were taken at surgery or colonoscopy 
from apparently normal pans of the colon wall distant from 
the tumor. Al) mucosae showed normal hlstomorphological 
and cytomorphological findings. Twenty-three cas« or colo- 
rectal adenomas and 22 carcinomas were obtained at sur- 
gery or colonoscopy. Adenomatous polyps were classified as 
to histological type and grade of dysplasia according to the 
criteria of Konishi and Morson (1982). Classification of pri- 
mary carcinomas was done with hematoxylin-eosin-stained 
sections according to World Health Organization (WHO) 
recommendations (Jass and Sobln 1989). 

Twenty mammary carcinomas and 10 normal mammary 
tissues from patients with cancer were derived from surgical 
specimens. The tumors were classified according to the crite- 
ria of the WHO (1982) and the Bloom -Richardson system 
(Elston and Ellis 1991). The ABO blood group type and the 
secretor status of the donors were also documented for all 
mammary tissues. 

Two or the normal stomach, ileum, and colon samples 
and all mammary samples were fixed In 10% bufTered for- 
malin and embedded in paraffin. All other tissues were im- 
mediately frozen and stored at - 80C. 



In Situ Hybridization 

KNA Probe. The MUCl cDNA probe, pum24P (Swallow et 
al 1987) was sequenced. A 171 -bp fragment f rom the tan- 
dem repeat of the MUCl cDNA is similar ro that of other 
described MUCl cDNAs (Siddiqui et al. 1988; Hareuvenl et 
ah 1990). Oigoxigenln (DIG) -labeled RNA transcripts were 
synthesized from the pBluescript plasrrdds linearized by 
Hind in and BamH I with T3 and T7 polymerases to gener- 
ate anti-sense and sense probes, respectively. Unlabeled anti- 
sense was also synthesized. 

In Situ Hybridization (ISH). ISH was performed as de- 
scribed (Schaeren-Wiemers and Gerfln-Maset 1993) in two 
samples each of normal stomach, ileum, and colon. Deparaf- 
flnlzed sections or formalin-fixed eryosecrions were digested 
with proteinase K (Boehringer. Mannheim. Germany) [10 
u-g/ml in PBS. 20 mln at room temperature (RT)]. After three 
rinses in PBS. sections were treated with 0.5% and 1% trl- 
eihanolamine. pH 8.0. and 0.25% acetic anhydride Tor 5 
mln Prehybridhstion was done with hybridization bufTer 
[50% formamide, 0.75 M NaCL 0.075 M sodium citrate, 
pH 7.0 (5 X SSC), 0.1% bovine serum albumin. 0.1% Fj- 
coll 0.1% polyvinyl pyrrolidone. 0.25 mg/ml tRNA. 1.25 
mg/ml herring sperm DNA. 4 mM EDTA] at 45C for 3 hr. 
The hybrldlzadon mixture was prepared by adding 1 u.1 
D1G-RNA probe per 50 nl hybridization buffer, heated for 
5 mln at 85C to denature the probe, and then chilled on Ice. 
Fifty p.1 of this hybridization mixture was added per slide, 
which was then covered with a coverslip and sealed with rub- 
ber cement. Hybridization was done overnight at 72C. 
PosthybridizaUon washings were successively performed in 
SSC solutions of decreasing concentrations (5 X SSC, 50% 
formamide. 10 mln at 50C; 2 X SSC. 25% formamide. three 
times for 10 min at 42C and twice for 30 mln at 42C; 0.2 x 
SSC. twice for 5 mln at RT). Thereafter, the sections were 
rinsed three times with PBS and incubated with Fab frag- 
ments from anti-DIG antibody conjugated to alkaline phos- 
phatase (Boehringer: 1:500) for 1 hr at RT. After three wash- 
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ine steps, the color development was performed with the Fast 
Red Substrate System (DAKO: Hamburg. Germany). Con?, 
trote for in situ hybridization consisted or (a) DlC-labeled 
sense RNA probe, (b) competition with a 20-fold excess ot 
unlabeled anti-sense RNA in the presence of DlG-labeled 
and-sense RNA. (c) pretreatment of sections with ribonu- 
cleic and (d) hybridization mixture without RNA probe. 



immunohistochemistry 

Monoclonal Antibodies. The antibody A76-A/C7 (IgGiJ 
was developed in this laboratory (Cao et al.'1997a,b). It rec- 
ognize* the peptide epitope APDTRP of the MUCl tandem 
repeat (O. Nilsson et al.. communicated at the ISOBM TD-4 
Workshop. San Diego. CA. November 17-22. 1996). ;^he 
antl-MUCl antibody HMFG-2 (IgGJ recognizing the epitope 
DTR (Burchell et al. 1989) was purchased from Dlanova 
(Hamburg. Germany). SM3 (Igd) specific for the MUCl 
epitope PDTRP (Burchell et al. 1989) was kindly donated by 
Dr. G. Pecher (MDC). M3.2 (and-MUC3. IgCz) (Apostol- 
opoulos et al. 1995) recognizes a peptide epitope of MUC3. 
MAbs to group A and B antigens were purchased from 
DAKO. MAbs A46-B/B10 QgM). specific for the H Type 2 
antigen (Karsten et al. 1988). and A78-G/A7 (lgM). specific 
for the Thornsen-Friedenreich antigen (Karsten et al. 1995). 
have been described. 

Tissue Staining. Staining of tissue sections was performed 
by the avidin-blotin-peroxldase complex (ABC) method 
with a commercial kit (Vectastain ABC Elite Kit:, Vector 
Laboratories. Burlingame. CA) as follows. Paraffin sections 
(4 u.m) were deparaffiniied In xylene and rehydrated 
through a graded ethanol series. Frozen sections (4 ampere 
air-dried at RT and fixed with 10% formalin in PBS for 15 
mln at RT. Endogenous peroxidase activity was eliminated 
by treatment with 3% H 2 0 2 in PBS for 30 mln al RT. Non- 
specific binding sites were blocked with normal rabbit se- 
rum. After washing with PBS, sections were incubated with 
MAbs In appropriate dilutions for 1 hr at RT. The thor- 
oughly washed sections were treated with blotinylated anti- 
mouse immunoglobulin antiserum for 30 mln at RT and 
thereafter with the ABC complex. Color development during 
incubation with the peroxidase substrate (dlarninoberoldlne) 
was controlled under the microscope. Counterstalning was 
done with hematoxylin. Negative controls were lTK#ba A t*d 
with comparable dilutions of IgM or IgG paraprotelr^from 
mouse plasmocytomas (Sigma; Delsenhofea Germany}M3fi- 
stead of the MAb. -U. 
Partial Degjycosylation. One of the following pretreat- 
ments was performed on the sections before incubation with 
antl-MUCl or MUC3 MAhs. 

Neuraminidase. Sections were incubated with neuramini- 
dase from Vibrio cholerae (Serva; Heidelberg. Germany) at a 
concentration of 0.02 U/ml In PBS containing 0.01 M Ca ++ 
for 1 hr at RT ro remove sialic acid residues. After enzyme 
treatment, sections were rinsed for 5 min In PBS. Positive 
control of neuraminidase action was achieved by staining of 
erythrocytes and endotheliocyte* of a tissue section by MAb 
A78-C/A7 (anti-Thomsen-Friedenreichantl^n) after^the en- 
zyme treatment. * ..v>; >>' 
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a-Fucosidase. Sections were incubated for 24 hr at 37C 
with a-fucosldase (bovine kidney. Boehringer; 0.4 U/ml in 
acetate buffer, 0.2 M. pH 5). Then they were rinsed for 5 
min in PBS. Loss of staining of erythrocytes and endothelio- 
cytes in tissue sections from individuals with blood group O 
with the anu-H 2 MAb A46-B7B10 served as control of en- 
zyme action. 

Periodate Oxidation. Sections were treated as described 
(Bara et al. 1992). Briefly, they were incubated for 30 min at 
RT with 20 mM periodic acid in acetate buffer, 0.05 M. pH 
5. After three rinses in PBS, the sections were treated with 
1% glycine for 30 mln. followed by three rinses in PBS. This 
treatment destroyed glycotopes containing galactose. N-ace- 
tyigalactosamine. or fucose in cell preparations or tissue sec- 
tions, but did not damage peptide epitopes (Cao et aJ. 1997a). 

Blood Groups and Secretor Status. Bara et al. (1993) re- 
ported that in normal gastric mucosa the immunodetection 
of MUCl in secreiors was different from that in nonsecre- 
tors. We therefore collected blood group and secretor data 
on patients. In breast cancer patients, ABO data were avail- 
able from the clinical records. The secretor status was deter- 
mined from saliva according to standard procedures. Be- 
cause in the gastrointestinal and normal breast tissue donors 
neither their blood group nor their secretor status was 
known to us. we applied anti-H*. antl-A. and anii-B MAbs 
to some secdons. and examined normal epithelial cells, red 
blood cells, and endothella for reactMcy. According to the 
resulrs. secretor status and blood group or the donors were 
cjetermined. 

Scoring. For normal mucosa, the percentage of positive 
crypts was counted, whereas in carcinomas the percentage of 
positive cells In several optical fields (12.5 x lens) was esti- 
mated. For further details, see legends to Figures 2-4 and 6. 



Results 

Expression of MUCl mRNA in Normal 
Gastrointestinal Epithelium 

By in situ hybridization, MUCl mRNA was found to 
be expressed in surface epithelial cells and in gastric 
glands of the stomach. In all of two Ileum and four co- 
.lori specimens, the DIG-labeled MUCl anti-sense RNA 
probe intensely stained epithelial cells, columnar cells 
and goblet cells (Figure 1 A). The staining corresponded 
to the cytoplasm of columnar cells and to the perinu- 
clear region of goblet cells. DIG-labeled sense probes 
did not hybridize to any tissue structure (Figure IB). 
The other control experiments also showed no staining. 

Expression of Apomucin Along the Normal 
Gastrointestinal Tract Before and After 
Partial Deglycosylation 

The staining patterns with MUCl rnAbs before and 
after partial deglycosylation are shown in Figures 1 
>nd 2. Analysis of the stained sections revealed that 
A76-A/C7 a nd HMFG-2 did not stain, as expected. 



? 7 



310 820 8483 



PAGE. 



JUL- 10-2003 11M4 



UroGenesys 



310 820 8489 P. 05/12 



1550 



Cao. Blohm. Ghadimi. Stosick. Xing, Karsten 



B 



t -■" 



. c. t . v.. 



2.. S?"V- -..v..-'- 



/'»*: 




0 



H 




310 820 8483 



PAGE . 05 



JUL-10-2003 1 1 : 44 IJroGenesys 
MUCl and MUC3 in Colon and Breast Tissues 

any of the following untreated normal tissue sections: 
two stomach specimens from secrctor Individuals two 
Ileum samples from nonsecretor individuals, and 1JJ 
colon specimens (including two from ascending colon) 
from nonsecretor individuals (Figure 1C). SM3 be- 
haved Identically except for weak staining of the su- 
pranuclear region of columnar cells and goblet cells in 
one case from colon. In contrast to this. MUCl MAbs 
strongly labeled all normal gastrointestinal epithelia 
after periodate treatment, but In most cases their se- 
cretions remained unstained. Enzymatic pre treatment 
with a-fucosidase led to MUCl staining exclusively in 
sections of the two stomach specimens, which were 
both secrctors. Neuraminidase was without effect in 
all normal gastrointestinal tissues examined. Staining 
patterns after periodate oxidation varied with the an- 
tibody employed. A76-A/C7 staining was predomi- 
nantly distributed at the apical membranes of surface 
mucous cells of the stomach and of columnar cells and 
goblet cells of the intestine (Figure ID), whereas 
HMFG-2 and SM3 staining was localized in the su- 
pranuclear cytoplasm of surface mucous cells of the 
stomach and in the perinuclear region of columnar 
cells and goblet cells of the intestine. All MUCl MAbs 
diffusely stained gastric glands proper and pyloric 
glands. 

MUC3 posltivity in untreated normal tissue sec- 
tions from the stomach was restricted to occasional 
cytoplasmic staining of the surface epithelium of $tqm- 
ach and gastric glands. In normal ileum and colon,. 
M3.2 stained the supranuclear cytoplasm of goblet 
cells and columnar cells, but not secretions (Figure IE) . 
After periodate oxidation, mucous cells, gastric glands 
proper, and pyloric glands, as well as secretions in the 
stomach became positive. Vacuoles of goblet cells and 
secretions in the ileum and colon were also positive 
(Figure IF). 

Expression of Apomucin in Colorectal Adenomas and 
Carcinomas Before and After Partial Deglycosyiation 
The results of mucin staining in adenomas and carci- 
nomas with and without partial deglycosyiation , are 
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figure 2 Comparison of the reactivity of anci-MUCI (uppar panel) 
and anti-MUC3 (lower paruH) MAb* In nornwl gastrointestinal us- 
$ues with or without pretreatment as indicated below, and e*pr«- 
$oo of blood group antigens in epithelial cells of the same t.ssues 
fchown below the graph). all crypts negative: +. 00% positive 
ovpts- 2+ 30-60% positive crypts; 3+. >60% positive crypts; O. un- 
treated* neuraminidase; «-fucosidase: periodate oxida- 
tion: /. not done. Numbers 1-23 indicate Individual patients: 1 and 
2. stomach; 3 and 4, ileum; 5-23. colon. 



shown in Figures L 3. and 4. For colorectal adenomas 
and carcinomas, similar results were obtained with all 
thn* anti-MUCl MAbs. A76-A/C7. HMFG-2. and 
SM3 In Figures 3 and 4, data for A76-A/C7 are 
shown. The anti-MUCl MAbs did not stain mildly or 
moderately dysplastic adenomas, with the exception 



Hgure 1 (A3) colon, in situ Hybrid.*^ S^S Co- 

lumnar and goblet cells: Mining corresponds to ttaqpoptam *^ n ^*5^K A76.A/C7 (anti-MUCl) docs not win normal 
row). (B) Control section hybrld.ied J* &laW <*f£E°^ goblet cells <P). Nor- 

colon (Q. After periodate treatment. It preferem-a ly apical ^^^S^da' ion. although the goblet cells' quotes (ar- 

mal colon. MAb M3.2 (anti-MUC3) stalm normal colon * r "« <" J™,™ £Scm ota e0 | 0 n mbulov.llous adenoma with se- 

rowhead) and secretion, (arrow) become positive only afar ^^^lf^ n ^^^^ bul sains tumor cells after periodate 
vere dysplasia. MAb A76-A/C7 (antl-MUC1) does not or only weakly stair* »™^J*^,£ l * (a nti-MUC3) reacts with untreated tumor 
trea trn^t (H). (U) Serial sections of a colon tubular adenoma ^l^^o^^^^^^ "(on. M3.2 (anti-MUCS). Mu- 
cells 0) but more strongly after periodate °*'^ to "J;» £^' ^'^i^^^odate treatment a). tM.N) Serial sections of a 
cous staining (arrowhead), although present .n ""Veattd I «*uor* '"™>^ prc „eatment (M) but stain more strongly after 

mammary carcinoma stained with A76-A/C7 (anti-MUCl). Tumor cells are sta ned w,uiout p * tfeaOTent (p). , n both cases, tu- 

pertoda J oxidation (N). (O.P) Serial sections of a mammary carcinoma without <0)andw.th peruxjace prou 
mor cells are stained with M3.2 (anti-MUC3). Bars: A-*.U.M-P ~>S0 pnu G.H.K.I - 100 *m. 



JUL 10 2003 12:07 PM 



3 10 820 8483 



PAGE . 0S 



JUL-10-2003 11=45 



1552 



UroGenesys 



t 5 * 



ft 



l 1 S 4 3 6 7 » 9 10 11 12 U 1* IS tt V 7 S8 19 10 21 12 23 



8 S 



! ill 



1 1 J 4 5 6 7 It 9 10 11 II U 14 IS U 17 W 19 J« 11 21 13 
Hinxype; TT TVTT T T TTT TTTTT T T TV TV TV V v 
Dyjplana; MN NMMMMMMMMMMMMS S 4 S S S S S 

FWjure 3 Comparison of the reactivity of anti-MUCI (upper panel) 
and antl-MUCa (lower panel) MAbs in colorectal adenomas with or 
without pretreatment. -.all cells negative; +. <30% positive cells; 
2 + . 30-60% positive cells: 3+. >60% positive cells: O, untreated; 

neuraminidase: -fucMktose; perbdatx> oxidation; T. tu- 
bular adenoma: TV. tubulovillous adenoma: V. villous adenoma: N. 
mild dysplasia: M. moderate dysplasia; S. severe dysplasia: Numbers 
1-23 Indicate individual patients. 



of a few weak reactions. As expected. staining : was 
greatly enhanced in all cases after periodate treatment. 
These MAbs, however, reacted with untreated sec- 
tions of severely dysplastic adenomas; this was en- 
hanced to a certain degree after periodate treatment 
(Figures 1G and 1H). Adenocarcinomas were gener- 
ally reactive, but periodatc treatment stfll slightly en- 
hanced the reactivity. After a-fucosidase treatment 
slightly increased staining could be seen. In most cases, 
secretions in benign lesions did not react with MUCl 
MAbs. even after perlodate treatment. In contrast, se- 
cretions of some carcinomas showed variable; -(ftphi 
slight to moderate) reactivity with MUCl MAbs, and 
this was increased after periodate treatment. Neura- 
minidase treatment did not lead to significant^ ^in- 
creased staining of MUCl in gastrointestinal tumor 
cells and secretions. 

Staining of MUC3 apomudn in colorectal benign 
and malignant lesions and secretions was significantly 
enhanced after periodate treatment (Figures II and 
1J). A slightly increased reaction of MUC3 rnAb with 
several severely dysplastlc adenomas and carcinomas 
was observed after a-fucosidase treatment. Neuraminl- 
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1 2 > 4 5 * 7 I'nollUUMUXlTIIMlOJin 
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Figure 4 Comparison of the reactivity of antl-MUCI (upper panel) 
and anti-MUC3 (lower panel) MAbs In colorectal carcinomas with 
or without pretreatmenc alt celts negative; +. <30% positive 
cells* 2+. 30-60% positive cells; 3-K >S0% positive cells; a urv 
treated: •, neuraminidase: a-fucosidase; periodate oxida- 
tion- A. adenocarcinoma: M. mucinous adenocarcinoma; W. well- 
differentiated adenocarcinoma: M. moderately differentiated ade- 
nocarcinoma: P. poorly differentiated adenocarcinoma. /. not 
done. Numbers 1-22 Indicate individual patients. 

dase treatment did not enhance staining of MUC3 in 
gastrointestinal tumor cells and secretions. 

In adenomas with mild or moderate dysplasia. 
MUCl and MUC3 (native and deglycosylated) were 
localized in the supranuclear cytoplasm, at the apical 
membrane, and/or in the apical cytoplasm of tumor 
cells (Figures IE. IF. ll and 1J). In carcinomas and 
adenomas with severe dysplasia, both mucins were 
observed either diffusely distributed in the whole cell 
or at the basolateral membrane. 

Figure 5 provides a somewhat simplified overview 
of the staining results during the stages of colorectal 
cardhogenesis. 

Expression of Apomucin in Normal Mammary Tissues 
Before and After Partial Deglycosylation 
Normal mammary gland sections were reacted with 
A76-A/C7 and IIMFG-2 before and after partial de- 
glycosylation (data not shown). Staining was observed 
in all cases: it was restricted to the apical membranes 
of epithelial cells. Antibody SM3 did not react with 
normal mammary gland tissues (independent of whether 
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Figure 5 Comparison of staining re- 
sults obtained wiih anti-MUC1 and 
anti-MUC3 antibodies on various col- 
orectal tissues. Untreat. untreated: PO. 
porlodate oxidation; N'ase, neuramini- 
dase incubation: F'ase. a-fucosldase in- 
cubation. Scoring: -. no staining: 
weak staining; ++. moderate stain- 
Ing: + ++* strong staining. Tendency 
of treatment effect In parentheses:, 
staining not increased; T. staining 
slightly increased; TT. staining moder- 
ately increased; TTT, staining strongly 
increased. ivIUCI immunohlsiochemis- 
try results as obtained with MAb A76- 
A/C7 or HMFG-2. 
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secretors or nonsecretors). and remained nonreactivc 
after neuraminidase or a-fucosidase treatment. Mter 
periodate treatment, however. SM3 reacted with nor- 
mal mammary gland tissue at the apical membranies qf 
epithelial cells, similar to the localization seen with 
A76-A/C7 and HMFG-2. 

All normal mammary tissues were negative for 
MUC3 with or without partial deglycosylatlon. 

Expression of Apomucin in Breast Carcinomas Before 
and After Partial Degtycosylation 
The staining results with antj-mucin MAbs in mam- 
mary carcinoma sections with and without partial de- 
glycosylatlon are shown in Figures 1 and 6. The stain- 
ability of MUCL in mammary carcinoma cells was 
strongly increased after periodate oxidation (Figures 
1M and IN). Neuraminidase treatment of the sections 
also distinctly increased the reactivity of MUCl with 
the respective MAbs. whereas a-fucosidase slightly in- 
creased staining. Three patterns of MUCl localization 
could be distinguished: (a) the antigen was present at 
the apical membranes of tumor cells in glandular ade- 
nocarcinomas; (b) the antigen was diffusely distributed 
In the cytoplasm of tumor cells in non-gland-forming 
areas of tumors; and (c)Mn some poorly differentiated 
cardnomas. a proportion of positive cells exhibited 
distinct granular cytoplasmic staining (focal cytoplas- 
mic staining). 

Unexpectedly, five of 20 mammary cardnomas ex- 
pressed MUC3. Two further cases became positfye af- 
ter periodate oxidation, and in one case the staining 
increased after this treatment (Figures lO antf^lP). 
Native and deglycosylated MUC3 was diffusely dis- 
tributed In the cytoplasm of tumor cells. Neuramini- 
dase and a-fucosidase treatments had no Influence on 
the reactivity (except in one case). 

Expression of MUCl and MUC3 apomucins before 
and after partial deglycosylatlon was not related to the 
secretor status of the patients. 



Discussion 

A common feature of glandular epithelial tissues Is the 
.apical (luminal) expression and secretion of mucins. 
MUCl is generally assumed to be the major mucin ex- 
pressed in normal breast, pancreas, stomach, and 
other glandular epithella, but not or only sparsely in 
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Figure 6 Comparison of the reactivity of antl-MUCl (upper parol) 
and antl-MUC3 (lower panel) MAbs In mammary carcinomas with 
or without pre-treatment as indicated below. all cons negative; 
+, <30% positive cells; 2+. 30-60% positive cells; 3+, >60% posi- 
tive cells; 4+. all cells positive; 0, untreated; neuraminidase: 
a-rucosldaso* periodate oxidation; L carcinoma in situ: W, wen- 
differentiated adenocarcinoma; M, rnoderatoty differentiated ade- 
nocarcinoma; P. poorly differentiated adenocarcinoma. Numbers 
1-20 Indicate individual patients. 
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rhe intestine (Zotter et al. 1988: Girling et al. 1989; 
Ho rt S 1993: Jass and Roberton 1994). However, 
the puzzle is that normal adult intestinal epltheUa have 
^recently shown to expressMUCl mRNA (Ogata 
et al 1992- Ho ct al. 1993: Nakamon ct al. 1994). 
and a few reports claim that the normal adult intestine 
could be s rained by certain MUCl MAbs (Carrato^ 
al 1994- Hllkens ct al. 1995). From our earlier stud- 
ies it was already known that during colorectal turrtor 
development MUC1 -associated glycotopes [e.g.. Thorn- 
sen-Friedcnreich antigen (GaIBl-3GalNAcal-0-Ser/ 
Thr) Tn (GalNAcal-O-Ser/Thr). sialosyl-Tn (NeuA- 
ca 2-*6GalNAcal-0-Sern-hr)] were detectable by Jm- 
munohisTochemistry at an earlier stage than MUCl it- 
self (Cao et al. 1997b). In this study we examined 
MUC1 at the mRNA level by in situ hybridization and 
at the protein level by lmmunohistochemistry after 
chemical or enzymatic gr/can alterations. From these 
data, the conclusion can be drawn that normal adult 
gastrointestinal epithelial cells express not only MUy 
mRNA but also the MUC1 protein. This has been es- 
tablished by MUCl peptlde-specific MAbs among 
them the well-known MUC1 antibodies .HMFG-2 ^nd 
SM3 It is shown for the first time that MUC1 mKNA 
and the MUC1 peptide are localized at the surface of 
mucous cells and gastric gland cells of the stomach 
and in both types of epithelial cells of the intestine, co- 
lumnar and goblet cells. Access of most MAbs to pep- 
tide regions of MUC1 in normal adult intestinal epi- 
thelial ceils is hindered by tissue -specific glycosylatlon. 
This was established by indirect and direct evidence. 
The effect of periodate oxidation (Splro 1966; Wood- 
ward et at. 1985) is obvious and specific, although not 
fully explained. What is certain Is that the rigid ring 
structures of saccharides are destroyed by the proce- 
dure This may result in a greater flexibility of the mu- 
cin molecule and hence in a better access of MAbs-to 
the peptide backbone. Our indirect evidence consisted 
of the highly significant and reproducible appearance 
of MUC1 -specific peptide epitopes after carbohydrate- 
restricted periodate oxidation performed on tissue 
sections before lmmunostaining. Direct evidence was 
obtained by pretreatment of the sections with glycosl- 
dascs. In the latter case, it appeared that sialic add 
and fucose alone did not play a major role In epitope 
masking, despite the fact that the normal gastrointesti- 
nal mucosa carries a large quantity of sialic add (Cao 
et al 1996). This differs from the results pbtained^by 
Bara et al. (1993). who found that anti-MUCl MAbs 
immunoreact strongly with gastric epithelium of.non- 
secretors. whereas tissues of secretors reacted only af- 
ter treatment with a-fucosidase. Therefore, gastric and 
colorectal MUCl may differ in their glycosylatlon 
and. accordingly, in their staining behavior. 

Localization of partially deglycosylated MUC1 (ob- 
served after periodate oxidation) was found, as ex- 
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pectcd for a membrane-bound murin. at the the apical 
membrane and in the cytoplasm of surface mucous 
cells of the stomach and gastric gland cells, and at the 
apical membrane and in the supranuclear or perinu- 
clear cytoplasm of goblet cells and columnar cells of 
the intestine: it was absent in secretions. Staling, pat- 
terns were different between A76-A/C7 and HMFG-2 
of SM3. A76-A/C7 reacted primarily with the apical 
membrane of epithelial cells, whereas HMFG-2 and 
SM3 stained the apical membrane and the supranu- 
clear cytoplasm. This is interpreted as indicating that 
A76-A/C7 recognizes a later stage in MUC1 process- 
ing whereas HMFG-2 and SM3 may bind to an ear- 
lier' stage (in terms of glycosylatlon or conformation). 
Such differences have also been frequently observed in 
immunofluorescence experiments on tumor cells m 
vitro with other MUCl-speclflc MAbs (Cao et al. 
1997a) 

Compared to most other epithelial tissues, such as 
mammary gland, salivary gland, esophageal epithe- 
lium pancreas, bile ducts, lung epithelium, distal tu- 
bules and collecting ducts of kidney, urothelium. uterus, 
and rete testis. MUC1 of gastrointestinal epithelial cells 
appears to be more heavily glycosylated and its pep- 
tidebackbone therefore not accessible to MAbs such 
as HMFG-2 or A76-A/C7. One consequence of heavy 
O-glycosyiation is the relative resistance of these re- 
gions in glycoproteins towards proteases (Kozarsky « 
al 1988- Jcntoft 1990). Therefore, the more heavily 
glycosylated MUCl molecules of intestinal epitheha 
may be Instrumental in protecting the epithelial cells 
from the overwhelming presence of proteases in the 
gastrointestinal tract. 

- The immunohistological distribution of MUC3 In 
epithelial cells of the gastrointestinal tract largely con- 
firmed earlier reports (Audie et al. 1993: Ho et a . 
1993- Chang et al. 1994: Apostolopoulos ct al. 1935J. 
We found that native MUC3 (whose staining is ob- 
served without periodate oxidation) was located in the 
supranudear cytoplasm of epithelial cells of the gas- 
trointestine. whereas the more heavily deglycosylated 
MUC3 was seen mainly at the surface of mucous cells 
of the stomach, in gastric glands, at vacuoles of goblet 
cells of the intestine, and in secretions of the gas- 
trointestinal tract. Masking of MUC3 by sialic acid or 
fucose was of minor Importance at these sites 

Alterations of expression of MUCl and MUC3 in 
colorectal cardnomas and adenomas of various stages 
have been studied by several groups (Ho ct al. 1993; 
Chang et al. 1994). In our study, the stainability of na- 
tive and partially deglycosylated mucins was compared 
in various colorectal tissues from normal epithelium 
through adenomas to carcinomas. The following re- 
sults were obtained (Figure 5) . 

In normal colonic epithelia. MUC 1 is heavily glyco- 
sylated, preventing its jmmunostataing with anti-pep- 
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tide MUC I -specific MAbs. During tumorigenesis. the 
apparent expression of native MUCl showed a grad- 
ual increase from mildly through moderately to severely 
dvsplastir. adenomas. Periodate treatment greatly en- 
Zed the reactivity of anti-MUCl MAbs with lesions 
of a lower grade of dysplasia, but less so vAh lesions 
of a higher grade of dysplasia. This reflects the fact 
that lesTons of a higher grade of dysplasia express.. 
MUCl with a lower degree of glycosylation. In malig- 
nant lesions, native MUCl was strongly expressed, and 
periodate treatment only sllghdy enhanced the stam- 
in R This indicates that, similar to MUCl In highly 
dysplastlc adenomas. MUCl in carcinomas is less gly- 
cosylated, resulting in exposed peptide epitopes that 
can be recognized by their corresponding antibodies. 
It is obvious that the grade of dysplasia of adenomas Is 
closely related to their size. Adenomas of larger ste. 
of a higher grade of dysplasia, or of the villous Type 
have a higher malignant potential (KonishJ I and Mor- 
son 1982). The low glycosylation of MUCl and re- 
duced degree of glycosylation may be associated with 
the malignant potential and status of lesions in the co- 
lon. Several defects in gtycosyltransferase activirjesr in 
colorectal cancer have been described (King * «• jgj* 
Vavasseur et al. 1994: Yang et al. 1994). wNch may 
explain the observed changes in MUCl glycosylation. 
In some carcinomas, especially mucinous carcinomas 
and poorly differentiated carcinomas, even periodate 
oxidation did not result in positive immuru>histochem- 
ical staining with MUCl-spccific MAbs. These carci- 
nomas apparently have lost the ability to express MUC V 
Periodate oxidation therefore provides a simple method 
to distinguish between lack of expression and masking 
of epitopes by glycans. The secretions of some tumors 
are positive for MUCl. which is unusual because : nor- 
mal gastrointestinal secretions do not contain thls_mu- 
cin MUCl in tumor secretions may originate from 
shedding or deletion of tumor cells. MUC3 reveled 
a similar change in staining behavior (increased stain- 
ing without pretreatmcnt) during malignant transfor- 
mation. In most adenocarcinomas. MUC3 expression 
was decreased compared with normal colon and be- 
nign lesions owing to downregulated synthesis (Weiss 
et al 1996). Whereas normal epithelial cells and be- 
nign lesions show the typical apical distribution of 
MUCl and MUC3 in addition to some supranuclear 
staining, malignant lesions and "benign" lesions with 
very high malignancy risk reveal apolar distribution of 
both mucins. This indicates abnormal intracellular 
transport In addition to incomplete glycosylation In 
malignant lesions. Finally, the expression of mucins 
within a given tumor Is often heterogeneous, f^m 
zero to very high amounts per cell. 

Normal breast and mammary carcinomas have 
been examined for the expression of MUCl and 
MUC3 In a number of reports (Zotter et al. 1988. 
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Xing et al. 1994). In this study, changes in immu- 
nostaining in normal breast and mammary carcino- 
mas after partial deglycosylatlon have been >nvesti- 
eated. Normal mammary epithelial cells were found 
positive for A76-A/C7 and HMFG-2 but negative for 
SM3, in accord with previous reports (Burchcll et al. 
1987). This difference has been explained by the more 
extended SM3 epitope compared to the HMFC-2 
epitope, which makes it more dependent on the influ- 
ence of glycosylation (Burchcll et al. 1989). We dem- 
onstrate here that, after periodate treatment. Identical 
staining results were obtained with A76-A/C7, 
HMFG-2 and SM3. Neuraminidase or o fucosidase 
treatment did not expose the SM3 epitope, indicating 
that sialic acid and fucose do not play major roles in 
epitope masking In breast epithelium. 

For carcinomas of the breast, some general aspects 
of MUCl immunoreactivity were found similar to 
that of colorectal carcinomas, e.g.. decreased epitope 
masking compared to normal epithelial cells, dis- 
turbed polar distribution in cancer cells, and heteroge- 
neous reactivity within a given tumor. In addition, 
'sbmo features of apomucln expression specific for 
mammary carcinomas were observed. The reactivity 
of MUCl MAbs with mammary carcinomas could be 
enhanced by prior neuraminidase treatment to a 
greater extent than in the case of colorectal carcino- 
mas. This is in accord with a report by Ho et al. 
(1995) In another study by us. all mammary carcino- 
mas examined were found to become positive for the 
MUCl -associated, normally masked Thomsen-Frieden- 
relch glycotope after neuraminidase treatment (unpub- 
lished data), whereas in colorectal carcinomas only 37 
of 52 cases (71%) responded in this manner (Cao et 
al 1995) We interpret this as indicating that in the 
.gastrointestinal tract sialic acids contribute less to 
epitope masking than in the breast. In general, mam- 
mary carcinoma cells showed stronger staining of 
MUCl than normal cells before or after partial degly- 
cosylatlon. This may be the result of an upregulated 
mucin synthesis (Milkens et al. 1995) and/or of mucin 
accumulation owing to abnormal transport within the 
tumor cells. A minority (7/20) of mammary carcino- 
mas express ectopic MUC3. Its absence in normal epi- 
thelium was demonstrated In a previous report (Ho et 
al 1993) and is confirmed in this study. Therefore, it 
appears that MUC3 Is a neoantlgen In breast cancer. 
We also noted that partial deglycosylatlon slightly en- 
hanced its staining intensity. 

'i : The observed changes of mucin expression and its 
glycosylation in colorectal and mammary carcinomas 
may be of biological and clinical significance. For ex- 
ample, the exposed glycan core structures on the sur- 
face of cancer cells may lead to or enhance binding to 
the basal membrane and extracellular matrix (Schwartz 
cr. al 1992). to hepatocytes (Cao et al. 1995). and to 
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endothelial cells (Regimbald et al. 1996). Enhanced 
mucin expression with apolar distribution strongly re- 
duces the contacts between epithelial cells (Hilkens et 
al 1992) and may protect tumor cells from the im- 
mune system (Gimmi et al. 1996). Such changes may 
participate In tumor progression. On the other hand, 
the less glycosylated, ^rumor-specific" mucins in tis- 
sues blood, and secretions may serve as neoplastic 
markers for cUnlcal diagnosis and as targets for immu- 
notherapy. ; 

In conclusion, we have presented evidence thai : nor- 
mal gastrointestinal epithcUa express both MUGl 
mRNA and the protein itself. The immunohistochemi- 
cal detection of the MUC1 protein is hampered by a 
qualitatively different type of glycosylate compared 
to other secretory eplthclia (e.g.. breast). This can be 
overcome by carbohydrate-specific pretreatment with 
perlodate. which not only leads to the detection of 
masked MUCl but also allows evaluation of the 
changes in MUCl glycosylate that occur in neoplas- 
tic lesions. During malignant transformation, epithe- 
lial mucins experience dramatic (yet tissue-specific) 
alterations in their glycosylation and cellular local- 
ization, and In some cases show ectopic expression. 
These changes may be significant in tumor progres- 
sion, and possibly also in the clinical setting. Perlodate 
oxidation as a complementary measure In Jmmunohis- 
tochemistry may help us to examine and understand 
these changes. 
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